Anatomic variation of the trapeziometacarpal joint stabilizing structures is one of the concepts proposed to explain the pathogenesis of trapeziometacarpal arthritis. We undertook this study to test the hypothesis that septation of the first extensor compartment or variation of the abductor pollicis longus (APL) tendon (supernumerary insertions) are more frequently associated with the progression or severity of trapeziometacarpal arthritis. Septation within the first extensor compartment was significantly associated with trapeziometacarpal arthritis (p=0.013), whereas supernumerary APL insertions (trapezium or thenar) did not reveal a significant association (p=0.811 and p=0.937, respectively). The results of this study do not support a role for variations of APL tendon insertions in trapeziometacarpal arthritis. Yet, the presence of septation within the first extensor compartment may play an important role in the pathogenesis of trapeziometacarpal arthritis.
Introduction
The trapeziometacarpal joint is the second most common hand structure affected by arthritis [25] , but due to the unique features of thumb range of motion, it represents the most common site for surgical treatment [17] . Numerous hypotheses have been proposed to explain the pathogenesis of trapeziometacarpal arthritis including anatomic variation of joint structures, ligaments or supernumerary APL tendon insertions [3, 5, 6, [18] [19] [20] [21] 30] . However, the etiology remains unclear and one of the most intriguing theories is probably the role of APL supernumerary slips in the initiation and progression of the disease. Brunelli and Brunelli [5] suggested that the absence of the trapezial supernumerary slip of APL predisposes to trapeziometacarpal arthritis, whereas Zancolli [30] reported good postoperative results with tenotomy of supernumerary APL tendons. Even though other cadaveric studies failed to support a role for the supernumerary APL insertions in the etiology of trapeziometacarpal arthritis [3, [19] [20] [21] , anatomic variation of the APL remains a practical and attractive theory.
During the surgical treatment of trapeziometacarpal arthritis, we often have noticed a septum within the first extensor compartment in the absence of any other hand complaint. However, anatomic variation of the first extensor compartment (septation) has been frequently associated with the development and progression of a distinct entity, De Quervain's tenosynovitis, where narrowing of the extensor pollicis brevis tunnel leads to impaired gliding resistance [12] .
The presence of a septum between the two tendons of the first extensor compartment divides it into two separate narrowed tunnels. We wanted to test the hypothesis that a septum more frequently associates with trapeziometacarpal arthritis on the assumption that a narrowed APL tunnel would enhance the resistance of different APL tendon slips excursion [12] and subsequently increase compressive and shearing forces between the trapezium and thumb MC, predisposing to trapeziometacarpal arthritis. Therefore, we aimed to test if a septum within the first extensor compartment more commonly associates with trapeziometacarpal arthritis. Our secondary aim was to test the association between trapeziometacarpal arthritis and distal insertions of the supernumerary APL slips.
Materials and Methods
The study was conducted in the anatomy department at the Michigan State University. Fifty fresh and frozen cadaveric hands with absent signs of pre-mortem or post-mortem procedures were dissected. Of these, 48 hands were matched (24 specimens) and two were unmatched (two specimens) resulting in 13 men with a mean age of 78 years (49-91 years) and 13 women with a mean age of 71 years (52-94 years).
The dissections were performed starting with the proximal border of the extensor retinaculum and ending with the interphalangeal joint of the thumb. After the skin and fat tissue were removed, the extensor retinaculum was exposed and the presence of both tendons of the first extensor compartment was identified proximally at the entrance in the extensor retinaculum and distally, at the exit to the base of the thumb. A longitudinal incision was performed on the radial side of the first extensor compartment on its entire length, exposing the APL tendon in the extensor retinaculum. The roof of the first extensor compartment was reflected ulnarly in order to expose the tendons. Septation was noticed as a thick and well-defined fibrous ridge arising from the floor of the extensor retinaculum to the roof and separating the tendons into two separate fibrous compartments ( Fig. 1 ). Furthermore, the septum was categorized into complete or partial based on whether the entire length or only the distal part of the first extensor compartment was divided.
Within the first extensor compartment, we aimed to determine the number of slips of the APL tendon. However, since the APL slips intertwine within the first extensor compartment, the number of APL slips being different at the proximal and distal part of the extensor retinaculum, we recorded only the number of distinct tendons traveling within the first extensor compartment. Similarly, the number of APL slips in the first extensor compartment was different from the number of distal insertions of the tendon since multiple APL slips can converge into a single distal insertion or can diverge into separate distal insertions within the compartment. Therefore, the distal insertions of the APL tendon were recorded and categorized based on the anatomic structure of insertion. In order to minimize the bias of knowing ahead about the presence or absence of a septum, the dissections at the joint level and assessment of arthritic changes were performed by different members of the team.
At the end of the dissection, after the trapeziometacarpal joint was hinged open, the degenerative changes were macroscopically evaluated. Subsequently, arthritis was staged as mild-moderate (25-74% trapeziometacarpal surface involvement) or advanced (75-100% trapeziometacarpal surface involvement). Assessment of degenerative changes of the scaphotrapezial joint was also performed and the dissection concluded with the identification of the thumb MC osteophyte, which represents a particular prominence of the ulnar base of the thumb MC, located between the thumb and second metacarpal [16, 29] .
Descriptive statistics are presented as frequencies and relative frequency for categorical variables, and means and range for continuous variables. Because of the inclusion of bilateral hands, a generalized estimating equation adjust- ment was used with the ordinal logistic regression to analyze the associations between disease presence or severity and variables like age, gender, type of distal insertions of the APL tendon, septation of the first extensor compartment, scaphotrapezial joint arthritis or thumb MC osteophyte.
Results
The overall frequency of septation (partial or complete) within the first extensor compartment was 72% (36/50 dissected specimens) and in 71.4% of the cases the septum was bilateral. Median number of supernumerary APL distal insertions was one (one insertion 72%, two insertions 24%, and three insertions 2%). Other anatomic characteristics with regards to the type of distal APL insertions are specified in Table 1 .
Septation of the first extensor compartment was significantly associated with the presence or severity of the disease (p=0.013). Age of the specimens in the group with arthritis and no arthritis was 52-91 and 49-80 years old, respectively. Age was associated with the severity of the trapeziometacarpal arthritis (p=0.001) whereas gender did not demonstrate a significant trend (p=0.415). At the same time, supernumerary APL insertions (trapezium or thenar) were not associated with the presence or severity of the disease (p=0.811 and p=0.937, respectively). In terms of accompanying degenerative changes, the scaphotrapezial cartilage damage and the thumb MC osteophyte significantly associated with the severity of the disease (p=0.034, OR 5.7, 95%CI 1.1-28.5 and p=0.043, OR 4.9, 95%CI 1-23.7, respectively). Distribution of the scaphotrapezial degeneration and the thumb MC osteophyte in trapeziometacarpal arthritis is illustrated in Table 2 .
Discussion
Classically, according to the human anatomy texts, the insertion of the APL tendon is considered at the base of the thumb MC. Numerous authors described variations of the APL tendon insertions, APL being considered one of the most variable anatomic tendinous structures [3, 5, 9, 10, 13, 14, [19] [20] [21] 30] . A review of the cadaveric studies in the literature identifies a single APL insertion on the base of the thumb MC in 2-28% of the dissected specimens (Table 3) . Supernumerary slips, which are defined as distal APL insertions in addition to the classical thumb base insertion, are encountered in 72-98% of the cases (Table 4) [3, 5, 9, 13, 20, 21] . As our study also demonstrates, the common APL insertion profile appears to be as one constant distal insertion on the base of the thumb MC and variable supernumerary insertions on different surrounding structures. Supernumerary tendons are actually the rule rather than the exception and therefore, on dissection/surgery we should expect to find at least two distinct distal insertions of the APL in more than 70% of the cases.
With regards to the characteristics of the supernumerary insertions of the APL tendon, a review of the literature including our current study reveals a difference of opinion about the site of the most common supernumerary APL distal insertion [3, 5, 13, [19] [20] [21] 30] . We found that trapezium was the most common site for supernumerary tendon insertion in our cadaver study (76%), whereas the thenar structures were second (44%) to the trapezial insertion. The opponens pollicis and abductor pollicis brevis muscles, as well as their fascia are the structures included in the thenar group. In the literature, only few studies make a clear distinction between a digastric opponens or abductor pollicis and a regular insertion on those muscles. This could account for the existent dichot- omy with regards to the most common supernumerary distal insertion of the APL tendon. Yet, in seven out of ten cases, we should expect to find a minimum of two separate insertions for the APL tendon, one constant at the MC base and at least one supernumerary insertion located either at the trapezium or thenar musculature. During APL suspension arthroplasty for the trapeziometacarpal arthritis, the first extensor compartment is dissected in order to allow the harvest of a slip of the APL. As we commonly perform this type of procedure in our practice, we have noticed a high frequency of septum within the first extensor compartment in patients with trapeziometacarpal arthritis but without signs of De Quervain's tenosynovitis. Therefore, we wanted to test the hypothesis that there is an association between the presence of a septum within the first extensor compartment and trapeziometacarpal arthritis.
In the current study, septation of the first extensor compartment proved to be significantly associated with the presence of arthritis (p=0.013), patients being more likely to have disease if septum is present. There is no literature data with regards to this association but there is abundant evidence for the correlation between septum and De Quervain's tenosynovitis [2, 9, 15, 28] . Finkelstein [7] was one of the first to notice the increased association between septum and De Quervain's tenosynovitis and it was based on personal surgical experience. Many more research studies followed and confirmed this association, but even after more than 70 years since this correlation has been noticed, the literature is still scarce with regards to the underlying mechanism [12] .
Both these associations have been observed through the experience of surgical treatments for the respective diseases and there is no scientific proof for their mechanisms but only assumptions. It is possible that the association of septum-De Quervain's tenosynovitis was discovered first since the surgical intervention for De Quervain's tenosynovitis was initially done in 1895 by De Quervain himself [7] , long time before the APL suspension arthroplasty for trapeziometacarpal arthritis would be performed [22] . It would probably not be surprising that the same anatomic variation (septum of the first extensor compartment) would play an important role in two separate pathologic entities.
There is substantial electromyographic and anatomic evidence for independent function of the APL slips. Multiple muscle bellies of the APL tendon are innervated by separate branches of the posterior interosseous nerve [26, 27] . The different slips of the APL tendon can be grouped into a superficial and a deep group, inserting on the thumb MC or trapezium and thenar structures, respectively [11] . There is no connection between the fibers of the [20] 61/61 (100%) 55/61 (90%) 48/61 (79%) Schulz et al. [21] 73/73 (100%) 24/73 (33%) 31/73 (43%) Bouchlis et al. [3] 104/104 (100%) 70/104 (70%) 43/104 (42%) Brunelli and Brunelli [5] 100/100 (100%) 71/100 (71%) 75/100 (75%) Roh et al. [19] 68/68 (100%) 35/68 (51%) Zancolli [30] 43/43 (100%) 13/43 (32%) 35/43 (83%) Present study 50/50 (100%) 37/50 (76%) 22/50 (44%) superficial and deep divisions and a large bursa between the two groups of tendons can be found [11, 25] suggesting separate functioning of the various divisions [11] . Van Oudenaarde [25] suggested that the deep division of the APL is important to support the trapezium as a platform upon which the thumb MC is extended by the superficial division of the APL. Therefore, the presence of a septum between the two tendons within the first extensor compartment narrows the APL tunnel and the intertendinous shifting in the extensor compartment, normally occurring during independent function of the APL divisions, may be impeded. Subsequently, the deep division of the APL, which acts as support for the trapezium during regular isometric contraction [25] , may destabilize the synergic action of thumb MC and trapezium, creating shearing forces between the thumb MC and trapezium. Yet, more research is necessary to characterize the mechanisms behind the stability of the thumb basal joint.
Our study found a significant association between severity of the disease and age of the specimens, which is in accordance with the majority of the literature studies. We would also expect the prevalence of arthritis to be higher in the female specimens, a fact that would support hormonal imbalance as a potential cause of arthritis. However, presence or severity of the disease did not show any difference with regards to the gender of the specimens, results that are similar with other studies [1, 19] . We also have not been able to demonstrate an association between supernumerary APL distal insertions and trapeziometacarpal arthritis and therefore, our results rejected the hypothesis with regards to the role of supernumerary APL slips in the etiology of this disease.
During our dissections, we aimed to characterize the frequency of scaphotrapezial joint degenerative changes. We found that 45.4% of the mild-moderate trapezio-metecarpal arthritis and 81.8% of the advanced trapeziometacarpal arthritis had simultaneous scaphotrapezial changes. It was almost six times more likely to find scaphotrapezial degenerative changes in advanced rather than in early trapeziometacarpal arthritis. Our findings are in accordance to similar studies where significant involvement of scaphotrapezial and scapho-trapezoidal degenerative changes were found not only in severe trapeziometacarpal arthritis but also in early stages of the disease [1, 4, 16] . As suggested by Brown et al. [4] postoperative pain with surgical intervention for trapeziometacarpal arthritis may be attributed to residual degenerative changes in the surrounding joints.
In the study conducted by Sirotakova et al., postoperative residual pain was owed to the failure to address the thumb MC osteophyte at the time of surgery [23] . It was not surprising since we found the thumb MC osteophyte in 63.6% of the advanced stages of the disease. Moreover, even though it was five times more likely to find the osteophyte in advanced stages of trapeziometacarpal arthritis, in a significant number of cases the osteophyte was present also with early arthritic changes (27.2%). Therefore, regardless of the stage of trapeziometacarpal arthritis, it would be advisable to identify any concurrent scaphotrapezial changes or osteophytes at the thumb MC, which could dictate a different approach towards the treatment of this disease.
The limitations of our study are mainly due to its cadaveric design. A direct correlation of our findings with symptomatic arthritis of the thumb could not be made. As with any cadaveric study, the number of patients in the young population was limited [8, [19] [20] [21] . As arthritis strongly correlates with age, the number of unaffected hands was limited as well. However, by adjusting the comparisons to the age and gender of the specimens, some of these impediments were controlled.
To our knowledge, we demonstrated, for the first time, an association between septation within the first extensor compartment and trapeziometacarpal arthritis. To what extent this anatomic variation contributes to the development and progression of trapeziometacarpal arthritis remains to be investigated.
